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The marine food web can be approximated by the relationship phytoplankton +zooplankton +fish. Thus in the North Sea the dominant phytoplankton, diatoms and dinoflagellates are consumed by crustacean zooplankton, especially Calanus sp., which in turn are consumed by clupeoid fish such as herring and sprats (Steele, 1975) .
Highly unsaturated marine fatty acids, from C,, through C,, to C,, and C,,, are produced in large amounts by the phytoplankton. The abundant diatoms and dinoflagellates contain respectively large concentrations of C,,: , (n -3) and C,, (n-3) polyunsaturated fatty acids (PUFA) (Ackman et al., 1968; Chuecas & Riley, 1969) . PUFA in phytoplankton occur in both neutral lipid and polar lipid (Lee et al., 1971 ), but little is known of their distribution in specific polar lipids. The m4or phospholipids of marine invertebrates and fish are rich in C, I I (n -3) and C,, : , (n -3) PUFA but deficient in C,, and C,, PUFA (Ackman, 1974; . Certain invertebrate zooplankton can convert C,, PUFA into C,, and C,, PUFA at a low rate (Hinchcliffe & Riley, 1972; Moreno et al., 1979) . The extent to which these reactions occur in Nature is in doubt, since zooplankton consume large quantities of PUFA in their phytoplankton diet. The same is true for fish consuming zooplankton and for carnivorous fish higher up the marine food web. Metabolic experiments using radioactive precursors and nutritional experiments using diets of defined PUFA content indicate that numerous marine fish, all carnivores, cannot convert C,, into C,, and C,, PUFA at significant rates (Owen et al., 1975; Yone & Fujii, 1975; Fujii & Yone, 1976; Kanazawa et al., 1977 Kanazawa et al., , 1979 . Therefore phytoplankton are the major, if not the only, significant producers of C m l , ( n -3 ) and Czzt6 (n-3) in the oceans. These acids are passed virtually intact through the marine food web and ultimately to man (Ackman & Hardy, 1980) .
The major neutral lipid in phytoplankton is triacylglycerol; in herbivorous zooplankton it is wax ester (Benson er al., 1972; Sargent et al., 1976). Wax esters routinely account for one-third of the dry weight of zooplankton, though levels of up to 75% can occur (Sargent et al., 1976) . They are accumulated particularly by zooplanktonic species in environments, e.g. polar waters, where phytoplankton is abundant for only short periods (Lee & Hirota, 1973) . Thus krill species in both the Arctic and Antarctic have increasing quantities of wax esters with increasing latitude (Bottino, 1975; J. R. Sargent, unpublished work). In calanoid copepods, especially Calanus sp., the fatty-alkyl moieties of wax esters are ClbrO, CtOrl (n-9) and C12rl (n -1 1 / 13); the fatty-acyl moieties are more heterogeneous and often contain PUFA 1e.g. Cllr4 (n-3) Sargent, unpublished work) . In other zooplanktonic animals, e.g. the euphausiids (krill), wax esters are often dominated by palmitoyl oleate (J. R. Sargent, unpublished work).
Calanoid copepods catalyse the NADPH-dependent reduction of fatty-acyl-CoA to fatty alcohol (Sargent & Gatten, 1976) . Fragments of the animals convert [U-"Clglucose and [U-14Clalanine preferentially into the fatty-alkyl moieties of wax esters. These acyl acceptors are then coupled with fatty acids 587th MEETING, DUNDEE largely of dietary origin by an apparently non-specific ester synthetase to form wax esters (Sargent & McIntosh, 1974; Henderson & Sargent, 1980) . Thus lipid stores substantially greater than the total dietary lipid input are formed from lipid, protein and carbohydrate dietary constituents.
Zooplanktonivorous fish such as herring and certain salmonids contain triacylglycerols rich in C20:l and C22:1 fatty acids (Ackman, 1974; . Fatty alcohols arising from hydrolysis of dietary wax esters in the gut lumen are oxidized to fatty alcohol by an NAD-dependent fatty alcohol dehydrogenase present in the microsomal fraction of intestinal mucosal cells; triacylglycerol is formed by coupling these fatty acids and those from the acyl moieties of dietary wax esters with a-glycerophosphate formed from both glucose and amino acids (Patton & Benson, 1975; Patton el al., 1975; Bauermeister et al., 1979; Bauermeister & Sargent, 1979) . The CZoll and CZ2:, moieties characteristic of zooplankton are present on position-1 and -3 of fish triacylglycerols and seldom present in phospholipids (Brockerhoff er al., 1968; Ackman, 1974) .
Triacylglycerol elaborated in the intestinal mucosae of fish is ultimately deposited in adipose tissue. In fish such as the trout the mesenteric fat consists of adipocytes with high fattyacyltransferase activity (R. J. Henderson & J. R. Sargent, unpublished work) . Biosynthesis de novo of fatty acids in these fish is relatively low even on a 'low-fat/high-carbohydrate' diet. Although adipose tissue is as active as liver per unit of DNA in fatty acid biosynthesis de novo, on an organ basis most of this activity is accounted for by liver (R. J. Henderson Br J. R. Sargent, unpublished work).
The lipid metabolic pathway in the marine food web, therefore, centres on the consumption of phytoplanktonic lipid by zooplankton and its augmentation to-a large pool of wax esters that is in turn consumed by zooplanktonivorous fish and converted into triacylglycerol. The remainder of the carnivorous animal population tends to depend largely on lipid transmitted ultimately from the plankton.
